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(54) DESIGNING METHOD OF OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a designing 
method of optical system for efficiently performing the 
design of an optical system, which is suitably executed 
with a computer and where the performance change of 
the optical system caused by a manufacture error is 
restrained in addition to optical design for aberration. 
SOLUTION: In this designing method of optical system, 
the values of a plurality of component elements are 
changed so that the optical system expressed by the 
plurality of component elements may have desired 
characteristic, and an evaluation function for evaluating 
that the value of each component element approaches 
to the optimum value of the component element as the 
entire optical system is made to approach to the desired 
value, whereby the optimum value of the component 
element is obtained. The method has a means for 
calculating the eccentric aberration coefficient of an 
optical group consisting of at least one surface of the 
optical action surfaces of the optical system and the 
evaluation function including at least one item of the evaluation function consisting of at least 
one eccentric aberration coefficient. 
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(54) DESIGNING METHOD OF OPTICAL SYSTEM 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a designing method of optical 
system for efftctently performing the design of an optical system, which is 
suitably executed with a computer and where the performance change of 
the optical system caused by a manufacture error is restrained in addition 
to optical design for aberration. 

SOLUTION: In this designing method of optical system, the values of a 
plurality of component elements are changed so that the optical system 
expressed by the plurality of component elements may have desired 
characteristic, and an evaluation function for evaluating that the value of 
each component element approaches to the optimum value of the 
component element as the entire optical system is made to approach to the 
desired value, whereby the optimum value of the component element is 
obtained. The method has a means for calculating the eccentric aberration 
coefficient of an optical group consisting of at least one surface of the 
optical action surfaces of the optical system and the evaluation function 
including at least one item of the evaluation function consisting of at least 
one eccentric aberration coefficient. 
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1. This document has been translated by computer So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim l] It is the design technique of the optical system which said performance index has at least one evaluation criteria as a 
variable in the design technique of optical system of designing using a performance index, and is characterized by said evaluation 
criteria containing the eccentric aberration coefficient of the 1st [ at least ] page of the optical operating surface of said optical 
system. 

[Claim 2] The design technique of the optical system according to claim 1 characterized by having the process which calculates 
the amount of many of a paraxial ray after the optical axis of all the optical operating surfaces of said optical system and the 
reference axis of said optical system have been in agreement, and the process which calculates the aberration coefficient of the 
1st [at least ] page of the optical operating surface of said optical system in this condition, and having the process which 
calculates said eccentric aberration coefficient from said aberration coefficient and said amount of paraxials. ■ 
[Claim 3] It is the design technique of the optical system according to claim 2 which is equipped with the process which 
calculates the power sum of an eccentric aberration coefficient from two or more optical operating surfaces, and is characterized 
by said evaluation criteria containing the power sum of said eccentric aberration coefficient. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the optical system and optical equipment which were designed using 
the record medium which recorded the design technique of optical system of having been suitable for activation with computation 
equipments, such as a computer, and the design program of optical system and the design technique of this optical system 
thru/or the design program of optical system about the design technique of optical system. 
[0002] 

[Description of the Prior Art] By the design technique of optical system, the steepest descent method, a conjugate gradient 
method, the least square method, etc. are used. Any approach is called an optimization technique and the performance index 
which has two or more variables is used. When these optimization techniques are used for the design of optical system, 
evaluation criteria (for example, aberration coefficient) are equivalent to the variable of a performance index. These evaluation 
criteria are computed based on the value of the component of optical system, such as radius of curvature of an optical operating 
surface, a spacing, and a refractive index. Therefore, if the value of evaluation criteria will change if the value of a component is 
changed, and the value of evaluation criteria changes, the value of a performance index will change. Then, the value of a 
component is changed variously and processing which calculates the optimum value (for example, the minimum value and the 
minimal value) of a performance index is performed. Thus, when the optimum value of a performance index is acquired, optical 
system with the optimal combination of the value of each component at that time will be expressed. Consequently, the value of 
the component of the optical system near an ideal condition is acquired. In addition, in case the optimum value of a performance 
index is calculated, it performs also bringing evaluation criteria close to desired desired value to coincidence. Thus, the design of 
optical system searches for the combination of the value of a component of optical system with which a performance index 
serves as an optimum value, and evaluation criteria reach within the limits of desired value. 

[0003] As mentioned above, it is common to use the radius of curvature of an optical operating surface, a spacing, and a 
refractive index as a fundamental variable on the occasion of the design of optical system. Moreover, as for a performance index, 
it is common to use the restriction decided by the specification of beam-of-light aberration or optical system as evaluation 
criteria. 

[0004] However, in the design of the conventional optical system, since optical system is designed in the ideal condition, there is 
an inclination used as the design which disregarded the effect of the manufacture error of optical system. Therefore, it was 
difficult to acquire the combination (design value) of the value of the component of the optimal optical system which took change 
of the engine performance of the optical system by the manufacture error into consideration. 

[0005] In a Prior art, based on experience of a designer, the know-how of knowledge, etc., so that change of the engine 
performance of the optical system by the manufacture error may decrease Some correction needed to be added to the design 
value by a designer's own handicraft from the design value acquired by computer, or a part of variable of optical system needed 
to be made into the fixed value, it needed to carry out applying a limit to the number of variables etc., and the activity of 
acquiring the design value of the optimal optical system needed to be done. 

[0006] For this reason, in spite of improvement in the calculation speed of a computer, by the design of the conventional optical 
system, a help and time amount were required and efficient optical system was not able to be designed. Moreover, it is difficult to 
acquire the design value of the optimal optical system from which change of the engine performance by the manufacture error is 
small suppressed, and the design engine performance serves as a desired value. 

[0007] In recent years, in view of the above-mentioned trouble, a new design method is proposed in JP.1 1-30746.A, JP.l 1- 

223764.A. JP.1 1-223769,A, the patent No. 3006611 official report etc. 

[0008] 

[Problem(s) to be Solved by the Invention] In the approach currently indicated by JP.1 1-30746,A. the absolute value of eccentric 
aberration coefficients other than the optical group currently observed will get worse rapidly, and the design value influenced of a 
manufacture error as a result will be acquired. A help and time amount are needed as a result, and increasing the eccentric 
aberration coefficient of the optical group observed each time, in order to avoid this has a problem in the viewpoint of an 
efficient design. 

[0009] In the approach currently indicated by JP.1 1 -223764,A and JP.1 1-223769,A, since only the spherical-aberration multiplier 
and the comatic-aberration multiplier are observed, in the remarkable optical system of the engine-performance change by the 
inclination of the astigmatism by the eccentricity of optical system, or the image surface, the design solution which cannot be 
easily influenced of a manufacture error is no longer acquired, and there is a problem. 

[0010] In the approach currently indicated by patent No. 300661 1 The design condition in consideration of all the manufacture 
errors is realized to the optical system which consists of two or more optical members. Since it is required to define the 
performance index in all conditions or a performance index becomes complicated, the computational complexity of a performance 
index becomes immense, in spite of improvement in the calculation speed of a computer, a help and time amount are needed, as a 
result, and there is a problem in the viewpoint of an efficient design. 

[0011] It is this invention's being made in view of the above-mentioned problem of the conventional technique, and the purpose's 
being suitable for performing by computer, and offering the design technique of the optical system for designing efficiently optical 
system which controlled engine-performance change of the optical system by the manufacture error in addition to optical 
designs, such as many aberration. 
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[0012] 

[Means for Solving the Problem] In the design technique of optical system in which this invention which attains the above- 
mentioned purpose designs using a performance index, said performance index has at least one evaluation criteria as a variable, 
and said evaluation criteria are technique characterized by including the eccentric aberration coefficient of the 1 st [at least ] 
page of the optical operating surface of said optical system. 

[0013] In this case, it is desirable to have the process which calculates the amount of many of a paraxial ray after the optical 
axis of all the optical operating surfaces of said optical system and the reference axis of said optical system have been in 
agreement and the process which calculates the aberration coefficient of the 1 st [ at least ] page of the optical operating 
surface of said optical system in this condition, and to have the process which calculates said eccentric aberration coefficient 
from said aberration coefficient and said amount of paraxials. 

[0014] Moreover, it has the process which calculates the power sum of an eccentric aberration coefficient from two or more 
optical operating surfaces, and. as for said evaluation criteria, it is desirable to include the power sum of said eccentric aberration 
coefficient. 

[0015] Moreover, the power sum of said eccentric aberration coefficient may be made into the power sum of an eccentric 
comatic-aberration multiplier. 

[0016] Moreover, the power sum of said eccentric aberration coefficient may be made into the power sum of an eccentric 
astigmatism multiplier. 

[0017] Moreover, the power sum of said eccentric aberration coefficient may be made into the power sum of an eccentric 
PETTSU bar aberration coefficient. 

[0018] In the design program of the optical system to which this invention designs using a performance index, said performance 
index has at least one evaluation criteria as a variable, and said evaluation criteria include the design program of the optical 
system characterized by including the eccentric aberration coefficient of the 1 st [ at least ] page of the optical operating surface 
of said optical system. 

[0019] Moreover, the record medium of the design program of the optical system characterized by recording the design program 
of the above-mentioned optical system is included. 

[0020] Furthermore, this invention includes a design or the optical system characterized by being manufactured using the design 
technique of which the above-mentioned optical system, or the design program of the above-mentioned optical system, 
[0021] Moreover, this invention contains a design or the optical equipment characterized by being manufactured using the design 
technique of which the above-mentioned optical system, or the design program of the above-mentioned optical system. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. Rrst, the eccentric aberration 
coefficient used by this invention is explained. 

[0023] The condition that the optical axis of an optical group which consists of an optical operating surface which constitutes 
optical system, or a page [ 1 st / at least ] optical operating surface is not in agreement to the reference axis of optical system is 
called eccentric condition. As shown in drawing 2 in this, it inclines and let the condition that the above-mentioned optical axis 
crosses the condition that the above-mentioned optical axis shifted in parallel to the reference axis, with an inclination to a 
reference axis as shown in parallel eccentricity and draw ing 3 be eccentricity. Aberration of the optical system in the condition 
that the above parallel eccentricity thru/or inclination eccentricity occurred in optical system (aberration) =(aberration in 
condition that there is no eccentricity)+ (aberration generated with eccentricity) 
(1) 

It comes out and defines. The engine performance of optical system will change with the aberration (eccentric aberration) 
produced when a part of optical system carries out eccentricity so that clearly from a formula (1). In actual optical system, 
eccentricity appears as a manufacture error at the time of manufacture of a lens, or the assembly of a lens (assembly error). 
Thus, eccentricity (manufacture error) is one of the factors which closes obtaining the engine performance of ideal optical 
system if . 

[0024] Although change occurs for the image formation engine performance of optical system when an optical operating surface 
and an optical group carry out eccentricity, an eccentric aberration coefficient is in one of the indexes which pays this change by 
proxy. There is a gap of the image by eccentric comatic aberration, eccentric astigmatism, eccentric PETTSU bar aberration 
(aberration of the inclination of the image surface by eccentricity), eccentric distortion (eccentric distortion aberration), and 
eccentricity in an eccentric aberration coefficient. These eccentricity aberration coefficient is described by the trace result of a 
paraxial ray, and the 3rd aberration coefficient. 

[0025] In addition, about derivation of the 3rd aberration coefficient, since the derivation approach of an eccentric aberration 
coefficient is explained by the eccentric aberration list in full detail in Yoshiya Matsui work "an aberration theory" (Japan 
Optoelectro Mechanics Association. 1989). it is omitted in Yoshiya Matsui work "the 3rd aberration theory of the optical system 
in which eccentricity exists" (Japan Optoelectro Mechanics Association. 1 990). and describes only the definition of an eccentric 
aberration coefficient and eccentric aberration in it at it. 

[0026] First, it is the amount of many of a paraxial ray and the 3rd aberration coefficient [0027] [ in / for an eccentric aberration 
coefficient / the i-th page of optical system required for derivation ] 
[Equation 1] 
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A definition is given. Here, the amount of many of a paraxial ray is the incident ray quantity and incident angle of a beam of light 
which carry out incidence to the field of optical system. 

[0028] As mentioned above, although it inclines to an eccentric condition with parallel eccentricity and there are two kinds of 
conditions of eccentricity, the aberration of the eccentric aberration coefficient in the condition of parallel eccentricity and 
optical system is discussed previously, it inclines to a degree and the aberration of the eccentric aberration coefficient in the 
condition of eccentricity and optical system is discussed. 

[0029] the i-th group by which optical system is constituted from the j-th page like drawing 2 in the optical system constituted 
by the page [ n-th ] optical operating surface at the k-th page — the reference axis of optical system — receiving — delta) only 
— "the case where parallel eccentricity is carried out is considered. In this case, it is [0030] when the transverse aberration 
delta Ydeita and deltaZdelta of the beam of light by the parallel eccentricity of optical system is developed by the power 
[Equation 2] 

= -i 

+ /i2{(2 + cos 24>^)(VSi)i - {VS2)i) 
+ 2rA|(2cos(^, - + co9(^ + <i>u,))(niS)i + cos^r cos0„(P<5)i| 
+ r2(2-hcos2^)(n5).| (2) 



E- ( 

AZi = -^|/J^sin2(^„(Vii)i+2r/i{sin(^r + ^«)(ni*).-l-sin0,cos^„(P(5)j} 

'3in2<?v(nd)i| (3) 



It comes out and defines. However. K r. phir, and phiomega are [0031] from drawing J . 
[Equation 3] 

Y Z 
tana;cos(&c^ = — tan a; sin = — 
9 9 



rcos 



h = N tan u 

It comes out and defines. It is the entrance pupil radius which the straight line to which N connects the refractive index by the 
side of the body of optical system, and omega connects the object point and the body side principal point H converted an optical 
axis, and the angle and phiomega to make into the AJIMUSU, and converted r on the body side principal plane, and is phir. it is 
the AJIMUSU. 

[0032] Moreover, parallel eccentricity comaticaberration multiplier i (Ildelta) [0033] 
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[Equation 4] 

(n*). = (ai E n„-a,f;n„)-(Z^ f: 1.-571:1.) (4) 

Parallel eccentricity astigmatism multiplier i (IBdelta) [0034] 
[Equation 5] 

Parallel eccentricity PETTSU bar aberration coefficient i (Pdelta) [0035] 
[Equation 6] 

(Pfli = (a; £ P.-Qii;PJ (6) 

An parallel eccentricity distortion aberration coefficient (Vdeltal and Vdelta2) is [0036]. 
[Equation 7] 

v«Ji = (a; f: V. - a, x: V.) -(^ i: - ///.) (?) 
vi2=^ f: p.-ojf:?, (8) 

A gap (delta) (i) of the image by parallel eccentricity is [0037]. 
[Equation 8] 

(A5)i = -2(aJ, - aj) (9) 

A definition can be given. 

[0038] the i-th group by which optical system is constituted from the j-th page like drawing 3 in the optical system constituted 
by the page [ n-th ] optical operating surface like parallel eccentricity at the k-th page — the reference axis of optical system - 
- receiving epsiloni only — the case where eccentricity is inclined and carried out is considered. It is [0039] when the 
transverse aberration delta Yepsilon and deltaZepsilon of the beam of light by the inclination eccentricity of optical system in this 
case is developed by the power. 
[Equation 9] 

|(Ac). + /i2{(2 + cos2<&J(Vei), - (Vej)*} 

+ 2r/ij(2cos(^ - ^u,) + cos(4>r + + cos cos ^„(P(5)i J 

+ r^{2 + cos 24i,)(nd)i| (10) 



-^|/»^sin2^„(V€i)i +2rA{sin(^r + 0„)(IIIi), + sin^rCOS^„(P(J)i} 

+ r'sia2c>r(flS)i^ (11) 



It comes out and defines. At this time, it is the inclination eccentricity comatic-aberration multiplier (Ilepsilon) i. [0040] 
[Equation 10] 

(ne), = (Qr;g; f: n^-Qri9, x:n^)-(^; ± ip-^pyEU (12) 

Inclination eccentricity astigmatism multiplier i (Illepsilon) [0041] 
[Equation 1 1] 

{meu = {aW, E ni^e - ajqj ± JE^) - E - s-p, ± (13) 

Inclination eccentricity PETTSU bar aberration coefficient i (Pepsilon) [0042] 
[Equation 12] 
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(Pe). = iaW, E - <»i9i t Pp) (14) 

An inclination eccentricity distortion aberration coefficient (Vepsilonl and Vepsiion2) is [0043]. 
[Equation 13] 

V^x = (al9t ± y.-ajqj±V^)-mj,', ± III^-aJp,±III,)+(^.^] (15) 



(16) 



A gap (epsilon) (i) of the image by inclination eccentricity is [0044]. 
[Equation 14] 

(Ae)< = -2(a;^?; ^ a^qj) (17) 

A definition can be given, however. Pj. P'k. qj. and q'k As shown in drawing 3 . respectively pj : Distance p*k from the center of 
rotation of the inclination of an optical group to the entrance pupil side of an optical group : Distance qi from the center of 
rotation of the inclination of an optical group to the exit pupil side of an optical group : Light Distance q'k from the center of 
rotation of the inclination of **** to the body side of an optical group : It is the amount defined by the distance from the center 
of rotation of the inclination of an optical group to the image surface of an optical group. 

[0045] Next the conventional performance index FO It explains by the case where the attenuation least square method (DLS 
law) which is a kind of the least square method is used as an example about the design technique of optical system in which it 
used. Here, it is the conventional performance index FO. It is premised on eccentricity having not arisen to optical system. 
[0046] The performance index F in the DLS method is [0047]. 
[Equation 15] 

^^=f:f^^j:D{x,^xo,)^ (18) 

a=l 6=1 

It comes out and defines. In the case of the DLS method, it is a performance index FO. When it becomes the minimal value of 
it becomes the optical system which each aberration was amended good and was able to balance aberration also as the 
whole. This performance index FO It is [0048] in order to calculate the minimal value. 
[Equation 16] 

= ° (19) 



xb to satisfy What is necessary is just to ask for a group. Here, it is fa. It is related with the aberration of optical system and they 
are the wait of the a-th aberration, and Ra about wa. The value of the a-th aberration, and Ta When it considers as the desired 

value of the a-th aberration, it defines as fa =wa 2 (Ra-Ta). However, each aberration value Ra A design parameter x1. x2 xn 

It is a function. Moreover, design parameter xb The value of the component of optical system, such as radius of curvature, and a 
spacing, a refractive index, the design parameter [ xOb ] at the design initiation time, and D express the damping factor, 
respectively. It serves for a damping factor D to prevent moderately that a design parameter separates ft-om the value (initial 
value) in a design initiation time from. Moreover, the number of aberration by which m evaluates, and n express the number of the 
parameters used for a design, respectively. 

[0049] The above performance indices FO It sets and each aberration value can approximate as a linear function of a design 
parameter near the initial value. For this reason, an equation (19) is xb. Since it receives and becomes linearity simultaneous 
equations, it is easily [ at high speed and ] calculable by solving with the least square method being possible, and using a 
computer 

[0050] Also in technique other than the DLS method, the performance index which **(ed) to each technique is defined. 
Moreover, the value of a request of a performance index can be calculated at high speed and easily by using a computer. 
Therefore, if these technique and computers are combined, the design value of the optimal optical system can be acquired at 
high speed and easily. 

[0051] the value of a request of a performance index — Above DLS — when considering as the minimal value shown in law and 
except considering as the maximal value, it varies with the design technique. 

[0052] Now. the design technique of the optical system concerning the operation gestalt of this invention is explained. The 
performance index F which is the operation gestalt of this invention is [0053]. 
[Equation 17] 

F = Fo + Faec (20) 

It comes out and defines. However. FO The performance index in the conventional design technique is expressed. Moreover, 
Fdec i (Ildelta). i (Illdelta). i (Pdelta). i (Ilepsilon). i (Illepsilon). and i (Pepsilon) It is the term of the performance index defined with 
at least one eccentric aberration coefficient inside, using such a performance index — the conventional performance index FO 
**** the design of optical system can be seasoned with the variable component of the optical-character ability by the 
eccentricity which was not taken into consideration. Therefore, the beam-of-light aberration in the condition that the 
performance degradation of the optical system generated with the eccentricity of an optical group is controlled, and there is no 
eccentricity becomes possible [ calculating the small design value of the optimal optical system ]. 
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[0054] ft is Fdec still more preferably, ft is good to consist of a term of the power sum of the absolute value of the eccentric 
aberration coefficient produced by each optical group. By using such a performance index, even if there is an optical group with 
the large absolute value of an eccentric aberration coefficient the absolute value of the eccentric aberration coefficient can be 
made small. And it can control that the absolute value of the eccentric aberration coefficient of other optical groups becomes 
large at coincidence. Consequently, the optimum value of a performance index can be calculated more quickly. Therefore, by the 
design technique of this invention, a design more efficient than the conventional design technique can be performed. 
[0055] For example, it is Fdec when it pays its attention to an parallel eccentricity comatic-aberration multiplier in the optical 
system which consists of n optical groups. It is desirable to give a definition like a formula (21). However, the wart and k as which 
the designer itself determines omega are the real number of arbitration. 
[0056] 

[Equation 18] 

Pdec=U,uj(t\(m\^"') (21) 

By using such a performance index, the absolute value of the parallel eccentricity comatic-aberration multiplier of other optical 
groups can make it hard to become large, and a design more efficient than the conventional design technique can be performed 
at the same time it makes small the absolute value of the parallel eccentricity comatic-aberration muttiplier of an optical group 
with the large absolute value of an parallel eccentricity comatic-aberration multiplier. 

[0057] Above, although the case of an parallel eccentricity comatic-aberration multiplier is described, even if it changes an 
parallel eccentricity comatic-aberration multiplier with an parallel eccentricity astigmatism multiplier, an parallel eccentricity 
PETTSU bar aberration coefficient, an inclination eccentricity comatic-aberration multiplier, an inclination eccentricity 
astigmatism multiplier, and an inclination eccentricity PETTSU bar aberration coefficient it cannot be overemphasized that the 
same effectiveness is acquired. 

[0058] Moreover, the term (variable) of a performance index can also be made into the power of the absolute value of the sum of 
two or more eccentric aberration coefficients instead of the sum of the power of the absolute value of one eccentric aberration 
coefficient, and the power of the sum of an absolute value. In this case, to say nothing of the same effectiveness as the above- 
mentioned being acquired, since balance can improve each eccentric aberration small within an optical group, it is still more 

desirable. 

[0059] Moreover, the sum can be taken about what carried out power about two or more above-mentioned eccentric aberration 
coefficients, and it can also be made into the evaluation criteria of a performance index. If it does in this way. since balance can 
improve eccentric aberration of its that small by the whole optical system, it is desirable. 

[0060] Moreover, the real number k of arbitration is good to fulfill the conditions which become 1 <=k<=4. If it separates from the 
above-mentioned conditions, it will become difficult to reconcile control of optimization of an aberration value and engine- 
performance change of the optical system by the manufacture error, and it will pose a problem. 

[0061] Since the design technique of the optical system in this invention can be used most effectively and count of a computer 
is further made to a high speed by being referred to as k= 2 still more preferably, it is the most desirable. 
[0062] Drawing 4 is a flow chart which shows the procedure of the design technique of the optical system concerning this 
operation gestalt. The initial data of optical system is prepared at step 1. Many parameters which start the desired value of many 
aberration and the conventional performance index of a wait at step 2. and many parameters concerning the performance index 
introduced by this design technique are set up. A damping factor is set up at step 3. Here, the default of a damping factor is 
usually set up. A performance index is determined at the above step. Next, in step 4. the determinant about a performance index, 
i.e.. simultaneous equations, is created, and a solution is acquired. When the value of a performance index is evaluated, it 
progresses to step 6 which continues when it judges with the value of a performance index having reached the desired value and 
it cannot reach at continuing step 5, it returns to step 3. In step 6, if the acquired design value satisfies a design objective, a 
design is ended, if dissatisfied, return and a design condition will be changed into step 2. and a design will be continued. In the 
flow mentioned above, from step 3 to the step 5 is suitable for the program of a computer. 

[0063] The example of the optical system which used and designed the operation gestalt of this invention below is shown. 
[0064] An example 1 shows the case where the design technique of optical system in which the parallel eccentricity comatic- 
aberration muttiplier of this invention was used for the optical system of a digital camera is applied. MTF showing the image 
formation engine performance of the optical system which has an optical-path Rg. as shown in drawing 5 . and has lens data at 
the time of design initiation as shown in the following table 1 is as drawing 6 . However. In dravyjng 5 , figures 1-12 show a field 
number, and sign A-E shows a lens element number. In addition, the specifications of optical system are focal distance =3.9mm. f 
number =2.8, and ideal image quantity =2.4mm, and MTF used for image evaluation is taken as evaluation with 50 spatial 
frequency/mm. Drayyjng 6 (a) is MTF on a shaft, drawing 6 (b) is MTF of 0.7 of image quantity, an axis of abscissa is defocusing. a 
continuous line is the value of the sagittal direction and a broken line is the value of the meridional direction. 
[0065] When the lens element of this optical system is made into the unit of an optical group and each element carries out 
0.1mm parallel eccentricity to an optical axis, the thing showing change of the image formation engine performance of the axial 
Uemitsu bundle is Table 2. However. R (%) is the change value of MTF of the direction of SAJIRU. and T (%) is the change value 
of the meridional direction. Even if an optical group carries out eccentricity, the effect on the engine performance supports the 
small thing, so that the value of this table is small. 

[0066] such optical system — receiving — DLS — as a result of applying the design approach of this invention of having defined 
the performance index as the formula (22) based on law. optical system which has an optical-path Fig. as shown in drawing 7 , 
and has lens data at the time of design termination as shown In the following table 3 is acquired. 
[0067] 

[Equation 19] 

F = F„ + ti;H,^|(n5).f (22) 

The same MTF as draw ing 6 showing the image formation engine performance at this time is as drawing 8 , and is the image 
formation engine performance and abbreviation EQC in a design initiation time. When each lens of this optical system carries out 
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0.1 mm parallel eccentricity to an optical axis, the image formation engine performance serves as change as shown in Table 4. The 
design value of the optical system which attains the engine performance of a design initiation time and an abbreviation EQC. and 
change of the engine performance by the parallel eccentricity of each lens cannot generate easily can be acquired from this. 
Moreover, the sum of squares of the absolute value of an parallel eccentricity comatic-aberration multiplier is small as shown in 
Table 5. 

[0068] Beiow. the optical-system data a design initiation time and after a design are shown. However, the aspheric surface of 
optical-system data is defined by the following formulas using conic multiplierK. curvaturerc (c= 1 -/radius of curvature), the 4th 
aspheric surface multiplier AC 4. and ... 

[0069] 2=cr2 / [l+root{l-(l+K) c2 r2l]+AC four r4 ... Here, the axis of coordinates with which Z met the optical axis, and r are 

the radii from the Z-axis. 

[0070] 

Table 1 Field number Radius of curvature Spacing Refractive index Abbe number Body side infinity infinity 1 8.9512 0.8000 
1.48749 70.23 2 2.2965 3.9071 3 224.8333 1.8986 1.83400 37.16 4 -4.8216 0.8000 A drawing side infinity 2.8 8506 - 3.1214 0.8000 
1.8466623.78 74.53684.00001. [78590 ] 44.20 8 -4.9428 0.1937 97.7737 (aspheric surface) 3.3651 1.56384 60.67 10 -11.3280 
1.9084 1 1 infinity 2,5000 1.51633 64.14 12 infinity 1.1013 Image Field infinity Aspheric surface multiplier Field number K AC4 9 00 
-8.8037x10-4 . 
[0071] 

S2 





A 


B 


C 


D 


E 


AMTF R (.X) 


-10.6 


-19.6 


-1.2 


-0.2 


0.0 


AMTF T (SS) 


-26.9 


-46.2 


-12.4 


-1.1 


0.0 



[0072] 

Table 3 Field number Radius of curvature Spacing Refractive index Abbe number Body side infinity infinity 1 -1447.5433 0.8000 

1.48749 70.23 2 3.1 192 3.7577 3 18.5526 1.8222 1.83400 37.16 4 -6.7327 0.8000 A drawing side infinity 2.887 16 - 3.6762 0.8000 

1.8466623.78 7 5.44794.0000 1.77250 49.60 8 - 5.2921 0.1934 9 8.1262 (aspheric surface) 3.18601.56384 60.67 10 -10.4919 

2.1689 11 infinity 2.5000 1.51633 64.14 12 infinity 1.2598 Image Field infinity Aspheric surface multiplier Field number K AC4 9 0.0 

-9.7855x10-4 . 

[0073] 

^4 





A 


B 


C 


D 


E 


AMTF R (%) 


-3.6 


-5.5 


-0.6 


-0.4 


0.0 


AMTF T (56) 


-9.9 


-23.3 


-12.2 


-1.2 


0.0 



[0074] 
S5 







0.0516 


0.0170 



[0075] As mentioned above, although the design technique of the optical system of this invention has been explained based on 
the principle and example, this invention is not limited to these examples etc., but various deformation is possible for it. 
[0076] The design technique of the optical system of the above this invention can be constituted as follows, for example. 
[0077] [1] So that the optical system expressed with two or more components may serve as a desired property Change the 
value of two or more of said components, and the value of each of said component approaching the value of the component 
optimal as said whole optical system by bringing the performance index to evaluate close to a desired value A means to calculate 
the eccentric aberration coefficient of an optical group which consists of the 1 st [ at least ] page of the optical operating 
surfaces of said optical system in the design technique of optical system of acquiring the value of the optimal component. The 
design technique of the optical system characterized by having said performance index including at least one term of the 
performance index which consists of said at least one eccentric aberration coefficient. 

[0078] [2] The design technique of the optical system one above-mentioned publication characterized by having a means to 
calculate the eccentric aberration coefficient which consists of a means to calculate the paraxial ray of said optical system, a 
means to calculate the aberration coefficient of an optical group which consists of the 1 st [ at least ] page of the optical 
operating surfaces of said optical system, and said aberration coefficient and said paraxial ray. 

[0079] [3] The design technique of the optical system two above-mentioned publication characterized by having a means to 
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calculate the power sum of an eccentric aberration coefficient and said performance index which has the term of the 
performance index which consists of the power sum of at least one eccentric aberration coefficient in said optical system which 
consists of n optical groups. 

[0080] [4] The design technique of the optical system three above-mentioned publication characterized by having said 
performance index which has the term of the performance index which consists of the power sum of an eccentric comatic- 
aberration multiplier. 

[0081] [5] The design technique of the optica! system the above 3 characterized by having said performance index which has the 
term of the performance index which consists of the power sum of an eccentric astigmatism multiplier. 

[0082] [6] The design technique of the optical system the above 3 characterized by having said performance index which has the 
term of the performance index which consists of the power sum of an eccentric PETTSU bar aberration coefficient. 
[0083] [7] So that the optical system expressed with two or more components may serve as a desired property Change the 
value of two or more of said components, and the value of each of said component approaching the value of the component 
optimal as said whole optical system by bringing the performance index to evaluate close to a desired value A means to calculate 
the eccentric aberration coefficient of an optical group which consists of the 1 st [ at least ] page of the optical operating 
surfaces of said optical system in the design program of the optical system which acquires the value of the optimal component. 
The design program of the optical system characterized by having said performance index including at least one term of the 
performance index which consists of said at least one eccentric aberration coefficient. 

[0084] [8] The record medium of the design program of the optical system characterized by recording the design program of the 
optical system of seven above-mentioned publication. 

[0085] [9] Optical system characterized by being designed using the design technique of the optical system of six given in any 1 
term, or the design program of the optical system of seven above-mentioned publication from the above 1 . 
[0086] [10] Optical equipment characterized by being designed using the design technique of the optical system of six given in 
any 1 term, or the design program of the optical system of seven above-mentioned publication from the above 1 . [Effect of the 
Invention] According to the design technique of the optical system of this invention, in addition to optical designs. such as many 
aberration, optical system which controlled engine-performance change of the optical system by the manufacture error can be 
efficiently designed now so that clearly from the above explanation. 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2, **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is a sectional view including the optical axis in which optical system is shown typically. 
[Drawing 2] It is drawing for explaining the parallel eccentricity of optical system. 
[Drawing 3] It is drawing for explaining the inclination eccentricity of optical system. 

[Qrawing 4] it 's the flow chart which shows the procedure of the design technique of the optical system concerning 1 operation 
gestalt of this invention. 

[ Drawin g 5] It is the optical-path Fig. of the lens system at the time of design initiation of one example of this invention. 
[Qrawing 6] It is drawing showing MTF of the lens system of drawing 5 . 

[Drawing 7] It is the optical-path Fig. of the lens system at the time of design termination of one example of this invention. 

[Drawing 8] It is drawing showing MTF of the lens system of drawin g 7 . 

[Description of Notations] 

1-12 — Page [ 1 St ] - the 1 1th page 

A-E — Lens element 
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